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Abstrac t
Measurement of h i g h l y r e sp irab l e asbestos aerosols inside intact b u i l d i n g structures that
are contaminated with residue produced during the c o l l a p s e of the W o r l d T r a d e Center
towers i n d i c a t e a p o t e n t i a l for elevated air concentrations of asbestos f i b e r s under some
condi t ions . The data sugge s t a greater p o t e n t i a l for worker exposure to asbestos within
b u i l d i n g structures than pr ev iou s ly reported for ou tdoor rescue and recovery work in the
area around the W o r l d T r a d e Center. The data presented suggest that the unique set of
c ond i t i on s surrounding the f i r e and subsequent c o l l a p s e of the WTC towers has created
an asbestos f i b e r size d i s t r i bu t i on not prev iou s ly encountered in an area of p o t e n t i a l
exposure to such a large segment of non-indus tr ia l p o p u l a t i o n . The data i l l u s t r a t e the
importance of car e fu l s e l e c t i on and execution of routine laboratory methods for the
i d e n t i f i c a t i o n and enumeration of airborne asbestos f iber s .
I n t r o d u c t i o n
S h o r t l y a f t e r the S e p t e m b e r 11, 2001 f i r e and ca ta s t roph i c c o l l a p s e o f several o f f i c e
towers at the W o r l d T r a d e Center (WTC) in New York C i t y , H e a l t h Hazard Ass e s smen t s
were conduc t ed and continue to be conduc t ed by p u b l i c and private i n d u s t r i a l hygiene
inve s t iga tor s . Pre l iminary communications f r om inve s t iga t or s have c o n s i s t e n t l y reported
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f i n d i n g no e levated hazardous aerosols or chemical vapors under outdoor condi t i ons . To
f ur th er investigate po t en t ia l heal th hazards po s ed by site condi t ions near the WTC
d i s a s t e r s i t e , a s t u d y of site c o n d i t i o n s north of WTC B u i l d i n g #7 was c onduc t ed . T h i s
s t udy measured a broad p r o f i l e of p o t e n t i a l hazards in surface residue and work zone air.
Data re lated to asbestos content of surface r e s idue and asbestos aerosol s is r epor t ed . Datafor other p o t e n t i a l hazards has been presented s epara t e ly . 1

R e l i a b l e e s t imate s of the nature and extent of a sbe s to s-containing b u i l d i n g material s
i n s t a l l e d at the WTC b u i l d i n g s is not ava i lab l e at t h i s time. It is bel ieved that asbestos-
c on ta in ing , s p r a y - a p p l i e d f i r e re s i s t ive coat ing was present on por t i on s of structural steel
on the lower f l o o r s of tower #1 (north tower) and elevator s h a f t structural s t e e l , that
asbe s to s-containing decorat ive f i n i s h e s were o r i g i n a l l y a p p l i e d to b u i l d i n g lobb i e s and
other p u b l i c areas, and that up to 8.5 m i l l i o n square f e e t of vinyl asbestos f l o o r t i l e was
o r i g i n a l l y i n s t a l l e d in WTC tower #1 and #2.
The energy and r e s u l t i n g f o r c e as soc iated with the c o l l a p s e of WTC tower #1 and #2 are
consistent with the visual and t a c t i l e examination of the r e su l t ing debris and surface
residue. For th i s reason, and to b u i l d a r e l i a b l e f o u n d a t i o n for as se s s ing p o t e n t i a l h ea l th
risks as soc iated with work that d i s turb s t h i s sur face re s idue, a p a r t i c l e characterization of
the sur fa c e res idue was conduc t ed . Data f r om this characterization was used to d e s ign a
s tudy of workplac e asbestos aerosols that i n c l u d e d c a r e f u l s e l e c t i on and execution of
routine a n a l y t i c a l me thod s to produc e r e l i a b l e data characterizing the workplace
atmospheres.
S t u d y Design & M e t h o d s
The s tudy of sur face re s idue f o c u s e d on areas surrounding WTC B u i l d i n g #7 to the north
( f i g u r e 4), east and west for a d i s t a n c e of f our ci ty blocks. A total of eleven sp e c imens of
s ur fa c e re s idue were c o l l e c t e d u s ing separate and clean wooden s p a t u l a s ( f i g u r e 3). Each
specimen of sur fac e re s idue was p l a c e d in separate 50mL conical p l a s t i c containers
t i g h t l y closed with screw tops . Two spec imens , (one f rom lo ca t i on #6 and one from
l o c a t i o n #10) were s h i p p e d by overnight mail to M V A , I n c . for p a r t i c l e size and
compos i t i onal characterization. Eleven specimens were s h i p p e d by overnight mail to
AMA A n a l y t i c a l Serv i c e s , Inc. (Lanham, MD) for de termination of asbestos content by
PLM using EPA 400 po int count quant i ta t ion. S p e c i m e n s p l i t s were also examined by
HP Environmental to determine asbestos content by PLM using visual e s t imation
quant i ta t i on .
L o c a t i o n s were s e l e c t ed for c o l l e c t i o n of surface re s idue s by s u p e r i m p o s i n g over the area
of interest a semicircular grid with a d iameter of eight city blocks ( a p p r o x i m a t e l y 2,000
f e e t ) . F i v e radians were ex t ended east, northeast , north, northwest and west f rom a f o c a l
po in t at the northern base of the WTC B u i l d i n g #7 rubble p i l e . S p e c i m e n s of sur face
re s idue were c o l l e c t e d at two p o i n t s along each radian, the f i r s t at a d i s tanc e of
1 A c o m p l e t e set of data ava i lab l e f rom this Preliminary H e a l t h Hazard Asses sment was presented on
S e p t e m b e r 28, 2001 to the WTC Site Safety Committee and is a v a i l a b l e f rom Mr. David C o l l i n s , Director
o f H e a l t h and S a f e t y , Turner Construct ion Company, NY, NY
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a p p r o x i m a t e l y two ci ty blocks from the f o c a l point and a second a p p r o x i m a t e l y f o u r ci ty
b lo ck s along the radian. A graphical d e p i c t i o n of the sampl e l o ca t i on p l a n is pre s ented in
f i g u r e 2. A number was a s s igned to each lo ca t i on (as noted in f i g u r e 1) and thi s number
is used as a d e s c r i p t o r for each s a m p l e of sur fac e residue.
S u b s e q u e n t l y , eleven air sampl e s were c o l l e c t e d within two b u i l d i n g structures l o ca t ed
near the c o l l a p s e d WTC towers. B u i l d i n g structure A sus tained l i m i t e d damage but some
areas of the lower f l o o r s were l i t t ered with p a p e r debri s and were coated with a layer of
sur fac e res idue (see f i g u r e 5). B u i l d i n g structure B sustained m a j o r damage with most
areas l i t t e r e d with p a p e r debris and coated with a layer of surface residue. Air sampl e s
within these two b u i l d i n g s were c o l l e c t e d using 25 mm diameter, banded AHERA TEM
cas s e t t e s (0.45 urn pore size mixed c e l l u l o s e ester c o l l e c t i o n f i l t e r p l u s 5 urn pore size
d i f f u s i o n f i l t e r a n d c e l l u l o s e s u p p o r t p a d ) ( Z e f o n A n a l y t i c a l Acce s s or i e s). A i r s a m p l i n g
p u m p s ( G i l l i a n m o d e l / P N 800845) were cal ibrated at 2.0 l i t e r s per minute (LPM) and
c o l l e c t i o n t imes varied with to tal air volumes ranging f r om 488 - 558 l i t er s . Air sample
l o c a t i o n s are l i s t e d in T a b l e 1. During air s ampl e c o l l e c t i o n within B u i l d i n g A, routine
l o a d i n g and u n l o a d i n g of equipment was occurring in the l o a d i n g dock area, routine
o f f i c e work was being p e r f o r m e d wi thin the 3 r d f l o o r o f f i c e , debris removal associated
with the repair of broken windows was occurring in the 1 1 t h f l o o r o f f i c e , and no work was
being p e r f o r m e d in the 36 t h f l o o r o f f i c e where windows were s t i l l intact. During air
sample c o l l e c t i on in Bui ld ing B, no work was being conducted in the 3rd f l o o r o f f i c e
space but contractors s taged their various repair ac t iv i t i e s in the 3rd f l o o r s t a g i n g area. On
u p p e r f l o o r s (6 t h and 9 t h ) of B u i l d i n g B, debris removal associated with preparat ions to
repair broken windows was underway during air s a m p l e c o l l e c t i o n , with this a c t i v i t y
concentrated on the 6 t h f l o o r .
A s b e s t o s content of the sur fac e re s idue was de t ermined by PLM using EPA method
6 0 0 / R - 9 3 / 1 1 6 dated July 1993 with visual volume e s t imation of the w e i g h t / w e i g h t
percentage (w/w%) of asbestos. Quant i ta t i on of asbestos content was also determined
i n d e p e n d e n t l y for all s a m p l e s of sur fac e re s idue using the EPA 400 point count method.
P a r t i c l e characterization was p e r f o r m e d by M V A , Inc. in the f o l l o w i n g manner ( M i l l e t t e ,
2001). The dust s a m p l e s were characterized by both gravimetric measurement of sieve
size f r a c t i o n s and by microscopical analyses. The s a m p l e s were sieved using standard 4-
inch diameter brass sieves ( U . S . S t a n d a r d Siev e Mesh #s 50 and 200). The gravimetric
determinat ions were made of the f o l l o w i n g size f r a c t i o n s : >300um, 75 - 300um, and
<75um. The f r a c t i o n s were combined and examined by s t ereomicro scopy u t i l i z i n g a
Z e i s s S t e m i 2000 s t ereomicro s cope having a m a g n i f i c a t i o n range f rom 6.5X to 47X.
The component s of the s a m p l e s were then analyzed u t i l i z i n g an Olympus BH-2 p o l a r i z e d
l i g h t microscope (PLM) having a m a g n i f i c a t i o n range f r om 40X to 1000X. A visual
e s t imate was made of the re lat ive percentage by volume of l o o s e l y aggregated s eparable
f i b r o u s l in t (hair + natural f i b e r s + manmade f i b e r s ) . Each i d e n t i f i e d const i tuent was
rated as to whether it was "common" ( c o n s i s t e n t l y f ound throughout the s a m p l e ) or
"present" ( d e t e c t e d but i n f r e q u e n t l y ) . The f i n e por t i on s were analyzed by scanning
electron microscopy (SEM) and transmiss ion e lec tron microscopy. The SEM analys i s
was done with a J E O L 6400 e q u i p p e d with a Noran Voyager energy d i s p e r s i v e x-ray
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analys i s unit using both the secondary and back-scattered modes. Us ing the back-
scattered electron (BE) mode, the sample was examined for p a r t i c l e s that contained
heavy elements. T h i s procedure is u s e f u l in l o ca t ing p a r t i c l e s containing toxic metals
such as l ead and cadmium. U s i n g the secondary electron (SE) mode, the sampl e was
examined for p a r t i c l e s that were consistent with asbestos f iber s . X-ray elemental analys i s
(energy d i s p e r s i v e spe c trometry (EDS) was p e r f o r m e d on each p a r t i c l e l o ca t ed for f u r t h e r
s tudy by either the BE or SE scans. The f i n e ( s m a l l ) f r a c t i o n of the s a m p l e s were
q u a l i t a t i v e l y analyzed with analyt i ca l electron microscopy (AEM) using a J E O L 1200,
100 kV scanning transmission electron microscope (STEM), e q u i p p e d with a N o r a n EDS
x-ray analysis system.
Airborne asbestos analysi s was per formed by S c i e n t i f i c Laboratories, Inc. in the
f o l l o w i n g manner. The TEM air s ampl e analys i s method chosen for this s p e c i f i c
a p p l i c a t i o n was the m o d i f i e d EPA Level II analysi s Method f o l l o w i n g Yamate et al.
(1984), chosen in order to prov id e the greatest f l e x i b i l i t y in sample preparat ion and
analysis . Heavy non-asbestos pan i cu la t e l o a d i n g encountered in many WTC air s a m p l e s
p r e c l u d e s analys i s under the lower l o a d i n g l i m i t a t i o n s of the EPA A H E R A p r o t o c o l s
which are o p t i m i z e d for clearance t e s t i n g in e s s e n t i a l l y p a r t i c l e f r e e atmospheres.
I n d i r e c t preparat ion methods were a p p l i e d when the Level II l o a d i n g l i m i t a t i o n s were
exceeded and the non-asbestos p a r t i c u l a t e obscured short, thin asbestos f i b e r s (USEPA,,
1990). The p o s s i b i l i t y of bundle d i s p e r s i o n into s ingle f i b r i l s was e x p e c t e d to be of
minimal impact due to the a lr eady h i g h l y d i s p e r s e d nature of the asbestos aerosols
observed in the WTC air sampl e s (see f i g u r e s 7 & 8). The air sample f i l t e r s were gen t ly
c o l l a p s e d using a D M F / a c e t i c a c i d / D I water so lut ion with mild heat ing on a s l i d e
warmer. The c o l l a p s e d f i l t e r s were s u b j e c t e d to the AHERA/EPA Level II cal ibrated
p l a s m a ashing procedure prior to d e p o s i t i o n of a thin carbon suppor t f i l m . The carbon
f i l m covered, c o l l a p s e d f i l t e r was p l a c e d onto a 200 mesh locator grid (Emicron, Inc.)
and p l a c e d in a Jaffe wick DMF bath f o l l o w e d by an acetone rinse, Jaffe wick bath in
order to remove the remaining MCE f i l t e r . The r e su l t ing direct pr epara t i on sampl e was
analyzed by AEM in a J E O L 1 0 0 - C X I I T E M , e q u i p p e d with an IXRF EDS x-ray
analys i s system. A total of 10 grid openings (5 on each of two g r i d s ) were analyzed.
When the non-asbestos p a r t i c u l a t e l o a d i n g was excessive, the p a r t i c u l a t e on a 1/4
segment of the f i l t e r was r e s u s p e n d e d in DI water using m i l d a g i t a t i o n in a low power
sonicator bath and an aliquot of the su spens ion was r e f i l t e r e d onto a 0.1 um pore size
MCE f i l t e r . The d r i e d , indirect f i l t e r p r e p a r a t i o n was prepared as described prev iou s ly .
PCM was p e r f o r m e d on a por t i on of the original f i l t e r s f o l l o w i n g the NIOSH 7400
method , I s s u e 2, 1994. The f i l t e r s were c o l l a p s e d using a VAP 300 acetone vaporizer
(BGI I n c , W a l t h a m , MA) and covered with a cover s l i p a f t e r a p p l i c a t i o n of a drop of
triacet in. The prepared s a m p l e s were analyzed on a cal ibrated Olympus CH-2 Phase
Contras t M i c r o s c o p e at 400X. A total of 100 f i e l d s of view or 100 f i b e r s in a minimum
of 20 f i e l d s of view were counted on each sample . All f i b e r s > 5um long with an aspect
ratio > 3:1 were counted and assumed to be asbestos.
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F i n d i n g s
The p a r t i c l e size d i s t r ibu t i on of the surface residue at two l o ca t i on s , #6 and #10, are
pre s ented in T a b l e 2. The data describe a res idue that is dominated by very small
p a r t i c l e s with larger p a r t i c l e s c ons i s t ing pr imari ly of mineral wool ( f i b e r ) aggregates.
The c ompo s i t i on of the s e t t l e d re s idue is presented in T a b l e 3 and T a b l e 4. The res idue
f rom both l o ca t i on s is uni form in its c o m p o s i t i o n r e f l e c t i n g both the e f f e c t of f i r e and
f or c e a p p l i e d to b u i l d i n g mater ial s and contents. Of note is the presence of small
chry so t i l e asbestos b u n d l e s , both with and without attached binder.
The asbestos content determined by visual estimation and point counting is pre s ented in
T a b l e 5. A s b e s t o s was not observed in three sample s , l o ca t i on s 3, 8 and 9. T h e s e
l o c a t i o n s are on a l ine a p p r o x i m a t e l y due north of WTC B u i l d i n g #7. All spec imens on
the 45° and 90° radians were f o u n d to contain asbestos by at least one analyst (see f i g u r e
6). The po in t counting method produced a range of p o s i t i v e values f rom <0.25 - 0.75%.
T h i s range is consi s tent with the compos i t ional d e s c r i p t i o n prov id ed by the p a r t i c l e
characterization and not inconsis tent with the visual estimation.
Airborne asbestos concentrations within two b u i l d i n g structures that are damaged but
s t a n d i n g and repairab l e are pre s ented in T a b l e 6. The transmission elec tron micro s copy/
energy d i s p e r s i v e spec trometry (AEM) analys i s d e t e c t s a dominance of smal l , thin
asbestos f i b e r s le s s that or equal to 5 microns (<5 nm) in l ength . S o m e longer f i b e r s are
also present but are g e n e r a l l y one order of magni tude lower in concentration. Airborne
asbes to s concentrations measured by l i g h t microscopy are genera l ly higher than
concentrations repor t ed using electron microscopy for f i b e r s greater that 5 microns (>5
|im). The o p p o s i t e r e l a t i o n s h i p is f ound between airborne asbestos concentrations
measured by l i g h t microscopy and those reported using electron micro s copy for f i b e r s
less than or equal to 5 microns (<5 |im). Compari sons for air sample s which could be
prepared and analyzed by both direc t and indirect analysi s ind i ca t e s that for th i s matrix
and set of circumstances the apparent asbestos f i b e r concentration may increase by as
much as a f a c t o r of 10 for s a m p l e s undergo ing ind ir e c t pr epara t i on .
Discus s ion
H e a l t h risks as soc iated with i n h a l a t i o n exposure to asbestos f i b e r s have been an area of
emphas i s f or p u b l i c heal th pra c t i t i oner s f or many decades (Lehman, 1936; G i l s o n , 1962;
Landrigan, 1999; A n t t i l a , 1993; H i l l e r d a l , 1999; K a m p , 1999). During that time,
t o x i c o l o g i s t s and e p i d e m i o l o g i s t s c onduc t ed risk asses sments and d e v e l o p e d exposure
criteria to manage and reduce known risk to a p p r o p r i a t e l e v e l s for workers and the
general p o p u l a t i o n . In some cases these criteria have been promulga t ed by various
governmental agencies as exposure l i m i t s tandards . To evaluate worker and general
p o p u l a t i o n exposure to all airborne asbestos f i b e r s , s p e c i a l i z e d laboratory methods have
been used ( Y a m a t e , 1984; A H E R A , 1987). As with all analyt i cal me thods , the various
asbestos analytical me thod s have s p e c i f i c u s e f u l a p p l i c a t i o n s and l i m i t a t i o n s (Verma,
1995; Dement, 1990). Not all me thod s are suited to all a p p l i c a t i o n s and care must be
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taken to understand each method's l i m i t a t i o n s as well as its r e l i a b i l i t y and s u i t a b i l i t y for a
s p e c i f i c measurement set of c ond i t i on s ( Y a m a t e , 1984; Chang, 1987)). F a i l u r e to
correctly select the proper method, or f a i l u r e to p r o p e r l y weigh the s i g n i f i c a n c e of
r e s u l t i n g data, based on method l i m i t a t i o n s , may result in incorrect es t imation of actual
worker exposures and corre sponding heal th risk. In thi s s p e c i f i c case it is p a r t i c u l a r l y
important since the p a r t i c l e size of the ov er l oad ing non-asbestos material is of the same
size as the f i b e r l eng th of the thin asbestos f i b er s . The increased p a r t i c u l a t e load requires
thicker carbon f i l m s for s uppor t which in turn compromises prop er i d e n t i f i c a t i o n of the
thinnest f i b e r s by s e l e c t ed area electron d i f f r a c t i o n (SAED).
The data pre s ented in this report suggest that some surface re s idues d e p o s i t e d as a result
of the f i r e and c o l l a p s e of the WTC towers contain asbestos in the range of 0.25 - 0.75%.
A d d i t i o n a l l y , the par t i c l e size of the surface re s idue is very f i n e (and dry), a c o n d i t i o n not
t y p i c a l l y encountered during routine asbestos removal p r o j e c t s . Furthermore, the asbes tos
present at a concentration of a p p r o x i m a t e l y 1% is only a small f r a c t i o n of the to ta l mass
of the sur fa c e re s idue, a residue that is a f i n e and dry powder. T h e r e is every i n d i c a t i o n ,
and it is reasonable to assume, that under commonly encountered c o n d i t i o n s the
components of the f i n e sur face residue wil l become airborne and thus ava i lab l e for
inhalat ion by workers. U n d e r c ond i t i on s where rapid d i l u t i o n of the air does not occur,
such as wi th in b u i l d i n g structures, it should be a n t i c i p a t e d that very small asbestos f i b e r s
may become airborne and remain in the breathing zone of workers for e x t ended p e r i o d s .
T h i s c o n d i t i o n w i l l most l i k e l y occur in s ide b u i l d i n g s that have been contaminated with
s u r fa c e re s idues generated by the c o l l a p s e d o f f i c e b u i l d i n g s . T h i s i s evident in the da ta
p r o d u c e d by the TEM method that d e t e c t e d asbestos f i b e r s (asbe s t o s s truc ture s) l e s s than
or equal to (<) 5 um in l eng th at e l evated concentrations in indoor air.
Airborne asbestos f i b e r concentrations e s t imated by Phase Contrast M i c r o s c o p y (PCM)
(NIOSH method 7400) are u s e f u l when p a r t i c l e size i s large, non- f i b er p a r t i c l e l o a d i n g i s
l i g h t , and measured atmospheres are assumed to be dominat ed by asbestos f i b er s . In
cases when f i b e r size is small and the concentration is low, PCM analys i s may
undere s t imate the asbestos f i b e r concentration. In contrast, when non-asbestos f i b e r s
dominate the atmosphere PCM analysi s may overestimate the asbestos f i b e r
concentration. For these reasons, a p p l i c a t i o n of PCM analys i s i s best suited for routine
c ompl ianc e screening of asbestos abatement prac t i c e s and may not be a p p l i c a b l e to
inve s t iga t i on s such as those conducted at the WTC site. A review of the comparison
between PCM/TEM data pre s ented in T a b l e 6 i l l u s t r a t e s the l i m i t a t i o n of PCM analy s i s
for inv e s t i ga t i on s of atmospheres such as those encountered at the WTC site. G e n e r a l l y ,
hea l th hazard assessors look at both TEM and PCM data when p e r f o r m i n g assessments
with the u n d e r s t a n d i n g that TEM is recognized as p r o v i d i n g the most c o m p l e t e data
about exposure to asbestos f iber s .
During the p er f ormance of t e s t ing for this pre l iminary heal th hazard eva lua t i on , care was
taken to p e r f o r m all me thod s under strict adherence to p u b l i s h e d procedures. T h e s e
procedure s were a p p r o p r i a t e l y m o d i f i e d when sampl e backgrounds exceeded the
tolerance of the method. T h i s level of care was a recogni t ion of the unique cond i t i on
pre s ent ed by the c o m p o s i t i o n and p a r t i c l e size p r o f i l e of the sur face re s idue as
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determined prior to measuring airborne concentrations of asbestos. S i m i l a r care is
advised for other analysts and inves t igators who are measuring and repor t ing worker andgeneral p o p u l a t i o n exposures to airborne asbestos f i b e r s at or near the WTC d i s a s t e r area.
The very short ( t y p i c a l l y <2 um) and th in («0.25 am) airborne asbestos f i b e r s pr e s en t edon a background of f i n e non-asbestos pan i cu la t e ( f i b r o u s and non-f ibrous) is a problem
sample when conduc t ing any airborne asbestos analyt i ca l method. Under the best of
circumstances, a sample pre s ent ing with the combination of c o n d i t i o n s , small thin f i b e r s
with a f i n e p a r t i c u l a t e background, requires the full a t t ent ion of the analyst to p r o d u c eand report r e l i a b l e , unbiased data. It i s c r i t i c a l l y important for the analyst to fully
communicate all d i f f i c u l t i e s encountered when p e r f o r m i n g the analys i s and to d e s c r i b e
the po t en t ia l i n f l u e n c e any d i f f i c u l t y could have on the v a l i d i t y of the reported results.
It is equa l ly important for inves t igators in the f i e l d to convey to the laboratory s p e c i a l
c o n d i t i o n s observed in the f i e l d when c o l l e c t i n g air sample s that could present anint er f er ence to the requested analyt i ca l method. If d e t e c t i o n and measurement of short,
thin asbestos f i b e r s are important for the h e a l t h hazard evaluat ion, or for c o m p l i a n c e withregulatory s t a n d a r d s , TEM analys i s should be requested 2. In a d d i t i o n , when short thinasbes tos f i b er s are known to be present in the atmosphere, the i n f l u e n c e of air s a m p l i n g
p r o t o c o l s on recovery of these f i b e r s should be cons idered. Air f i l t e r s submit ted for
transmission electron micro s copy (TEM) should be po lycarbona t e or mixed c e l l u l o s eester f i l t e r s with a 0.45 um pore size, air s a m p l i n g f l o w rates should be reduced to l i m i t
d e e p impac t ion of short thin f i b e r s in f i l t e r med ia p r o d u c i n g low f i b e r recovery, and
laborator i e s should be instructed to e m p l o y method m o d i f i c a t i o n s i f p a r t i c l e l o a d i n gou t s i d e the tolerance l i m i t s of the method is encountered.
The set of data pre s ented were d e v e l o p e d as part of a p r e l i m i n a r y hea l th hazardevaluation conducted at the site of the c o l l a p s e d WTC towers and b u i l d i n g s . The datarepresent the t y p e of data required to make proper heal th hazard assessments.Prel iminary site surve i l lance sugge s t ed that a sbe s to s-containing residue p r o d u c e d during
the c o l l a p s e o f the WTC structures would have p a r t i c l e d imens ions not t y p i c a l l y
encountered in routine environmental hygiene pract ice . T h i s h y p o t h e s i s was t e s t ed andu l t i m a t e l y s u p p o r t e d a f t e r c onduc t ing p a r t i c l e characterization with size d i f f e r e n t i a t i o n onthe s ur fa c e residue. S u b s e q u e n t l y , it was deduced f rom the character of the sur fa c e
res idue that aerosols within the damaged but s t a n d i n g b u i l d i n g structures could be
domina t ed by short, thin asbestos f iber s . For th i s reason, sp e c ia l at tent ion to air sampl e
c o l l e c t i o n p r o t o c o l s , analytical method s e l e c t ion, together with in f o rming analys t s o fknown p a r t i c l e characteri s t ic s , produc ed the best ava i lab l e e s t imate of asbestos aerosol
concentrations. It is recommended that inves t igators be alert to the un ique ly f i n e p a r t i c l e
component in s ur fa c e residue that contaminates some sites near the WTC and takea p p r o p r i a t e measures to insure that sampl e c o l l e c t i o n and analyt i ca l me thods account forthi s c ond i t i on .

2 F i b e r s l e s s than 0.25 um are not observed by NIOSH method 7400 (PCM) or r e p o r t e d
by NIOSH method 7402 (TEM).
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T a b l e s
T a b l e 1. Air s a m p l e l o ca t ions within two s eparate b u i l d i n g s near the W o r l d T r a d e Center.
Air s a m p l e #1
Air s ampl e #2
Air s a m p l e #3
Air s ampl e #4
Air s a m p l e #5
Air s a m p l e #6
Air sampl e #7
Air s ampl e #8
Air s a m p l e #9
Air s a m p l e #10
Air s a m p l e #1 1

B u i l d i n g A , L o a d i n g dock
B u i l d i n g A, L o a d i n g dock near f r e i g h t e l evator
B u i l d i n g A, 3 r d f l o o r , o f f i c e space east side
B u i l d i n g A, 1 1 t h f l o o r , o f f i c e space east s ide
B u i l d i n g A, 36 t h f l o o r , o f f i c e space , NE corner
B u i l d i n g B, 3 r d f l o o r , o f f i c e space
B u i l d i n g B, 3 r d f l o o r , north s t ag ing area
B u i l d i n g B, 6 t h f l o o r , o f f i c e space NE corner
B u i l d i n g B, 6 t h f l o o r , o f f i c e space SW corner
B u i l d i n g B, 9 t h f l o o r , o f f i c e space NE corner
B u i l d i n g B, 9 t h f l o o r , o f f i c e space SW corner

T a b l e 2. The p a r t i c l e size d i s t r i b u t i o n of s ur fa c e res idue c o l l e c t e d f rom lo ca t i on #6 and #10.
S i z e F r a c t i o n

>300|im

75-300[im
<15[im

Locat ion #6
(w/w%) '

46% 2

(65% v/v%)
22%

32% 3

Locat i on #10
(w/w%) 4

22% 5

37%
41% 6

A n a l y t i c a l Comments

T i g h t l y c ompac t ed f iber-rich
aggregate s
M a i n l y f i brou s aggregate s
Gray powder .

1 No p a r t i c l e s containing l e a d , chromium, cadmium, or mercury were observed.
2 L o o s e l y aggr ega t ed , s eparable f i b rou s l i n t , p r i m a r i l y g l a s s f i b er s .
3 P a r t i c l e s containing iron, c o p p e r and zinc were observed. Primari ly f i b r o u s g l a s s & cement
4 No p a r t i c l e s containing chromium, cadmium, or mercury were observed.
5 No l o o s e l y aggrega t ed , s eparable f i b r o u s l in t .
6 P a r t i c l e s containing iron, c o p p e r and lead were observed. Primari ly f i b r o u s g l a s s & cement.



T a b l e 3. P a r t i c l e characterization of surface re s idue c o l l e c t e d f o u r blocks northeast of the
northern base of WTC B u i l d i n g #7 ( s a m p l e l o c a t i o n #6).
• Construct ion debris • C h r y s o t i l e asbestos f i b e r s 2

- p l a s t e r • S y n t h e t i c f i b e r s
- carbonate f r a g m e n t s • C e l l u l o s e f i b e r s 3

- m i c a / v e r m i c u l i t e • Insec t parts
- g la s s f i b e r s • Tar f r a g m e n t s
- c h e m i c a l l y proces sed c e l l u l o s e f i b e r s

• Quartz grains
• Low-temperature combust ion m a t e r i a l '
• H a i r
1 i n c l u d e s charred wood f r a g m e n t s2 some with adhering carbonate b inder, total e s t imated to comprise <1%3 cotton and p a p e r

T a b l e 4. P a r t i c l e characterization of surface re s idue c o l l e c t e d two b locks northeast of the
northern base of WTC B u i l d i n g #7 ( sampl e l o ca t i on #10).
• Cons truc t ion debr i s • C h r y s o t i l e asbes tos f i b e r s 2

- p l a s t e r • S y n t h e t i c f i b e r s
- carbonate f ragment s • C e l l u l o s e f i b e r s 3

- m i c a / v e r m i c u l i t e • I n s e c t parts
- g l a s s f i b e r s • Tarry f r a g m e n t s
- ch emica l ly processed c e l l u l o s e f i b e r s • Plant f r a g m e n t s

• Quartz grains • Rust f l a k e s
• Low-temperature combustion mater ia l 1 • S h e e t g la s s f r a g m e n t s
• H a i r
1 i n c l u d e s charred wood fragment s2 much with adher ing carbonate binder, total e s t imated to compri s e <1%3 p a p e r



T a b l e 5. A s b e s t o s content of surface res idue c o l l e c t e d north of WTC B u i l d i n g #7.
Locat ion

#1-4 Blocks east of Bldg . #7
#2- 2 Blocks east of B l d g . #7
#3- B l d g . #7 Center
#4- 2 Blocks west of Bldg . #7
#5- 4 Blocks west of B l d g . #7
#6- 4 Blocks northeast of Bldg . #7
#7- 2 Blocks northeast of Bldg. #7
#8- 2 Blocks north of B l d g . #7
#9- 4 Blocks north of B l d g . #7
#10-2 Blocks northwest of B l d g . #7
#11-4 Blocks northwest of B l d g . #7

A s b e s t o s Content
( V i s u a l )

>1%
>1%
N D
>1%
>1%
>1%
>1%
N D
ND
>1%
>1%

A s b e s t o s Content
(Point C o u n t )

<0.25%
N D
N D
N D

0.5%
<0.25%

0.75%
N D
N D

0.75%
0.75%



T a b l e 6. Airborne asbestos concentration in two b u i l d i n g interiors near the c o l l a p s e d WTC
towers as measured by PCM and T E M .

S a m p l e
1
2*
3
4
5
6*
7*
8*
9*
10
11

Transmis s ion Elec tron M i c r o s c o p y
EPA Level II, > 3: 1 p a r t i c l e aspect ratio

A s b e s t o s
(>5 j i m ) Cone,
( s t r u c t u r e s / c c )
O.007 (NSD)

0.155
<0.007 (NSD)
<0.007 (NSD)
O.007 (NSD)
<0. 15 8 (NSD)

0.167
O.171 ( N S D )

0.346
O.008 (NSD)
O.008 (NSD)

A s b e s t o s
(0.5 - 5 urn)

Cone,
(s t ru c tur e s / c c)

0.255
0.464
0.117
0.078
0.008

O.158 ( N S D )
5.19
3.43
5.01

0.031
0.047

T o t a l A s b e s t o s
(>0.5 urn)

Cone.
( s / c c )
0.255
2.16

0.117
0.078
0.008

O.158
5.36
3.43
5.35

0.031
0.047

s/mm 2

369
140
170
110
10

<10
319
199
309
40
60

Phase Contrast
M i c r o s c o p y

( N O I S H Method
7400)

A s b e s t o s Cone,
( f / c c )
0.049
0.053
0.046
0.064

O.005
0.062

N A ( 1 )
0.247 (2)
0.536 (2)

0.016
0.034

N O T E O N L A B O R A T O R Y REPORT ( S C I L A B - V A N Y S D O H E L A P 10984)
* I n d i r e c t s ampl e preparat ion p e r f o r m e d .
(1) Analys t was unable to q u a n t i f y f i b e r concentration because of o v e r l o a d i n g of p a r t i c u l a t e

material on the f i l t e r .
(2) M o d e r a t e to heavy p a r t i c u l a t e matter is present on the f i l t e r which may obscure some

f i b er s causing resul t s with a low bias.
( 3 ) N S D = N o A s b e s t o s Struc ture s D e t e c t e d .



F i g u r e s .

F i g u r e 1. S u r f a c e res idue s a m p l e location grid super impo s ed on a street map of lower Manhat tan
F i n a n c i a l Distric t . Location #3 is at the northern f o o t of the debri s p i l e for WTC B u i l d i n g #7.
The WTC Tower 1 & 2 and B u i l d i n g s 3, 4, 5 & 6 are located within the 16 acre square noted by
the star marker. T h e s e c o l l a p s e d structures are south of B u i l d i n g #7.



F i g u r e 2. S u r f a c e res idue sample locat ion grid s u p e r i m p o s e d on a s a t e l l i t e p h o t o g r a p h of lower
Manhat tan F i n a n c i a l District.



F i g u r e 3. S u r f a c e res idue s a m p l e locat ion #8. S u r f a c e re s idue was c o l l e c t e d f r o m the windows
and aluminum window l e d g e s located in the p i c ture f o r eground . T h i s s a m p l e locat ion is
a p p r o x i m a t e l y two blocks north of WYC B u i l d i n g #7 v i s i b l e in the p h o t o g r a p h background as a
rubble p i l e .



. I *

F i g u r e 4. A close up view of sur face residue s a m p l e location #8. S u r f a c e residue was c o l l e c t e d
f r om windows and aluminum window l e d g e s .



F i g u r e 5. A view of a typ i ca l b u i l d i n g interior for a structure near the WTC that s u f f e r e d b u i l d i n g
skin damage (i.e. broken windows). A res idue layer produced by the c o l l a p s e d WTC b u i l d i n g s is
present on subs tant ial portions of interior surface s .



Figure 6. A diagram dep i c t ing asbestos content test results for surface residues.

A s b e s t o s present in all analyses

A s b e s t o s present in one ana ly s i s

Asbe s t o s not present in all analyses



* i

F i g u r e 7. H i s t o g r a m of asbestos f i b e r widths observed for s a m p l e s analyzed us ing direc t
preparat ion methods. The f i b e r d i s t r i bu t i on is dominated by ul tra thin f i b e r s with 95% of all
f i b e r s less than 0.25 u.m in width.

84%

11%
I

F i b e r s l e s s than 0.25 ^m as ind i ca t ed bythe dashed l ine are not observed orreported by NIOSH method 7400 (PCM)of by NIOSH method 7402 (TEM).

.1 .2 .3 .4 .5 .6 .7
A s b e s t o s F i b e r W i d t h ( j i m )

.8

F i g u r e 8. H i s t o g r a m of asbestos f i b e r widths observed for sample s analyzed us ing indirec t
preparat ion methods. The f i b e r d i s t r i bu t i on is dominat ed by ultra thin f i b e r s with 96% of all f i b e r s
less than 0.25 urn in width.

89%

4% 3%

.1 .2 .3 .4 .5 .6
A s b e s t o s F i b e r W i d t h

.7 .8


